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ABSTRACT 


The Marine Corps and Army are developing a 
Position Locating Reporting System to aid the 
battlefield commander in locating his assets during 
battle. 


This study has applied Extended Kalman Filtering 
techniques to that problem, evolving from a _ simple 
Extended Kalman Filter Observer to three moving 
observers, whose position is uncertain, estimating the 
position cf another unit. 
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I. INTRODUCTION 


The precise location of all assets in and about the 
battle area is of prime importance to the tactical Marine 
Commander. In the past locating has had to depend on the 
individual knowing his own position and being able to report 
it through radio links to higher command. This systen 
suffered from the limitations of terrain, daylight, weather, 
and the volume of radio traffic during battle. 


To alleviate these shortcomings the Marine Corps and 
Army are investigating a Position Locating and Reporting 
System (PLRS) to collect, process, and, display the location 
of units, vehicles, and aircraft in and about the battle 
area. 


The PLRS consists of field units and a master unit. The 
field unit is compact enough to be carried in the field by a 
man, vehicle, or aircraft. These units will determine the 
range to other field units in the area and report this 
information to the master unit for processing and display, 
The range information is determined by measuring the time 
required to send a signal from one unit to another and back 
again plus some "system" delay. When a unit's position is 
being updated it is referred to as the " Update" unit; and 
all others are referred to as "Ranging" units. 


In a previous study in this area,{1], tests were 
conducted to investigate the use of the error ellipse in 
visually displaying the degree of uncertainty of the 
position of an update unit and the effect of numerous 
updates on reducing that degree of uncertainty It was 


found that the degree of uncertainty is reduced in the 
direction of the ranging unit with consecutive updates as 
shown in Fig 1 taken from that study. 


That study also simulated one jet aircraft flying Mach 1 

in a constant radius turn as an update unit being ranged on 

: by two stationary raajging units to explore the proper random 
; forcing excitation covariance necessary for adequate filter 


performance. 


| It is the intent of this study to further expand the 
} simulation begun in the previous work by adding an 
additional ranging unit, allowing the movement of the 
ranging units, and considering the effect of ranging from a 
| unit whose position is not known exactly 
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; Figure 1 - CONSECUTIVE UPDATES WILL REDUCE THE DEGREE OF 


UNCERTAINTY IN THE DIRECTION OF THE RANGING UNIT 
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The Extended Kalman Filter is widely documented and no 
attempt at a development of that theory will be made in this 
work. A brief treatment has been included to establish 
nomenclature and formulas used. For a more complete 
development one is referred to reference (2] or similar 
texts. 


As defined in this work, PLRS is described by a set of 
discrete, linear, cartesian system equations 


x(k+4) = o(k) x(k) + I(k) _w (k) (1) 


and a set of discrete non-linear measurement equations 


-z(k) = a(x(k),k) + v(k) (2) 


where ® and Yr are linear functions and m is a nonlinear 
function of the state variables x(k); w(k) is the excitation 
noise and v(k) is the measurement noise of the systen. 


The plant noises are considered uncorrelated, zero-mean, 
and white. 


The non-linear measurement equations can be linearized 
by expanding equation (2) around the best estimate at time k 


and using the first-order terms yielding 


| 
| 
] 


z(k) = H(k) x(k) + v(k) 


x (k/k) is the estimated value of the state at k after 


th bs 
the k measurement and x(k/k-1) is the predicted value of 


th 
the state at time k before the k measurement. 


The state error vector is 


KE" (k/k) = ¥(k/k) - ¥(k) 
and the predicted error vector is 


x" (K/k-1) = x(K/k-1) - x (k) 


eee 


The covariance of the state error matrix is 


- ~ T 
P(k/k) = El x" (k/k) x* (k/k) ] 


and the predicted cowariance of the state error matrix is 


” nk 
P(k/k-1) = E(x (k/k-1) x" (kK/k-1)] 


| 


The state excitation matrix is 


Tt T 
Q(k) = ELE(k) wk) w (kK) PT (k)] | 


and the measurement noise covariance matrix is 


— 


Ly 
R(k) = EL(u(k) w (k)j] . 


The equations that made up the Kalman Filter used in 
this work are as follows: 


T 
P(K/k~41) = $(k) P(k/k) & (kK) + Q(k) 


G(k) = P(k/k-1) # (K)LH(k) P(k/K-1) HR) + R(K) ah 
P(k/k) = [I - G(k) H(k) JP (k/k-1) 
£(k/k) = x (k/kK-1) # G(k)CZ(k) -— (Kk) x(k/k-1) J 
x(k/k=1) = 9(k) x(k/k) 


Z(k) = m(x(k/k-1) ,k) 


Since the only observations in this system are ranges, 


the observation equation is 


1/2 
z(kp = (x2 (k) + y2(k) J ; 
and from equation (3) we get 


k k 
H (k) | ae 0 SY Sn 0 « 
x2(k) + y? (Kk) z*(ky * y*(*) 


The covariance of estimation error,?, is and expression 
of the uncertainity in the estimation of the states. 


Considering only the estimation's position error, sas 
position 


can be expressed as 


P « * 
pasition 


Oyox = 


Since the position estimation error is normally 
distributed, a curwe of constant error probability can be 
defined by using the exponent of the normal distribution, 
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This curve defines an ellipse. Graphically, for the given 
probability, the estimation may be anywhere in that ellipse. 


To move from a simple Kalman Filter observer to the PLRS 
model the first probiem encountered was to choose, the best 
ranger from which to take the measurement. In the previous 
work ,(1], it was shown that the most useful measurement, 
the one causing the most reduction in the error ellipse, is 
obtained by observing the update unit from a point aligned 
with the major axis of the error ellipse of the update unit. 


To find the ranger most closely aligned with the major 
axis of the update unit's error ellipse the orientation of 
the error ellipse must first be found using the following 
equation. 


2 Cov (x,y) 
2 


a Se 
x y 


®@ = 1 tan-t 
2 


This angle(8) gives the angle between -90° and 909 that the 
x-axis of the ellipse makes with the x-axis of the 
co-ordinate system. Looking at the ellipse in this new 
posture one can find the new "Uncorrelated" variances that 
define the major and minor axes. 


x 2 Sin 28 


o- * a; Cov (x,y) 
Y 2 Sin 2° 
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If o2 is greater than g2 the x-axis of the error ellipse 
x z 


is the major axis and § is the angle we seek. If g,2 is 
Yy 


greater thano#2 them the y-axis of the error ellipse is the 
* 


major axis and the angle we seek is 6+909. 


The bearing of the update unit from the ranger must then 
be found and it is simply 


8 = Tan-? Jy" Yep * 
"a *% 


, The absolute value of the difference between % after 

| proper correction, and 8 was chosen as the best alignment 
indicator; but to be aligned and to be 180° out of alignment 

is of equal value; therefore the absolute value of the 

cosine cf the differences was used as the alignment 

indicator and the ranger found to have the largest indicator 


was chosen as the ranging unit for that measurement. 


IV. PLRS SIMULATION 


A. TWO RANGING UNITS 


In previous work,({1], the PLRS simulation was setup for 
a jet aircraft flying Mach 1 in a constant 10 Km turn about 
the origin to act as the update unit for all measurements. 
Two stationary ranging units were placed at the origin and 
at 10Km north, 10Km east. Using a one second sample 
interval, the jet was described by the following matrices: 


Its initial state was 
0 
0.333 Km/s 


10 Ka 
0 


Its initial covariance of error matrix, measurement noise 
covariance, and excitation forcing matrix were 


P (1/0) 


-5 
2. 5x10 


5x10 


-5 
2.5x10 


=5 
5x10 


Fig 2 is a display of its final runs. The filter 
tracked accurately and the error ellipses shown are twenty 
times their actual size to make them visible. Table 1 shows 
which was the ranging unit at each measurement time. 


RANGER -2- @ 


Figure 2 - PLRS SIMULATION - A JET IN A CONSTANT 10KS 
RADIUS TURN FLYING BETWEEN TWO STATIONARY RANGERS 


1 2 21 2 41 1 
2 1 22 1 42 2 
3 2 23 2 43 1 
4 1 24 1 44 2 
5 2 25 1 45 1 
6 1 26 2 } 46 2 
7 2 27 1 47 1 
8 1 28 2 48 2 
9 2 29 2 49 1 
10 1 30 2 50 2 
11 b. 31 1 51 1 
BB 1 32 2 52 2 
j i 2 33 1 53 1 
14 1 34 2 54 2 
15 2 35 1 55 1 
16 1 36 2 56 2 
17 2 37 1 57 1 
| 18 i 38 2 58 2 
19 2 39 1 59 1 
20 i 40 2 60 2 
TABLE 1 - THE RANGER CHOSEN AT EACH TIME FOR THE PLRS TWO 


STATIONARY RANGER SIMULATION 


22 


B. THREE RANGING UNITS 


The first step of this study was to add a third ranging 
unit at 0 north, 10Km east. The algorithm was enlarged to 
include the additional unit and its comparison with the 
alignment indicators of the other ranging units. 


It can be seen im Fig 3 that the size of the error 
ellipses were reduced in size in the mid-range area where 
the jet and the two original units were in line; and the 
third ranger provides the triangular measurement. 


Table 2 shows the ranging unit chosen for the 
measurement at each time k. 
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Figure 3 - PLRS SIMULATION - A JET IN A CONSTANT 10KM 
RADIUS TURN FLYING AMONG THREE STATIONARY RANGERS 


TIME RANGER TIME RANGER TIME RANGER 


g 1 2 21 2 41 1 
| 2 4 22 3 42 3 
3 2 23 2 43 1 
4 1 24 3 44 3 
; 5 2 25 1 45 1 
6 1 26 3 46 3 
7 2 27 1 47 1 
: 8 1 28 3 48 2 
9 2 29 1 49 1 
10 1 30 3 50 2 
11 2 31 1 51 1 
12 1 32 3 52 3 
j 13 2 33 1 53 1 
14 3 34 3 54 3 
15 % 35 1 55 1 
16 3 36 3 56 3 
17 2 37 1 57 1 
18 3 38 3 58 3 
19 2 39 1 59 1 
20 3 40 3 60 3 
TABLE 2 - THE RANGER CHOSEN AT EACH TIME FOR THE THREE 


STATIONARY RANGER SIMULATION 


ores = 4 


C. RANGING UNITS IN MOTION 


In the second step the rangers are given motion. The 
rangers at the origin and at 10Km north, 10Km east were to 
move north and south respectively at 3Kts as infantrymen. 
The ranger at 0 north, 10Km east was to move west at 120Kts 
as a helicopter. Again using one second sample intervals, 
their motion was defined using discrete linear state 


equations 
x(k#1) = >(k) x(k) , 
where 
1 0 0 
0 1 0] 
> = 
0 1 
0 1 


with the initial states shown below; 


x = INPANTRYMAN 
0 
1.67x103 Ka/s 


10 


x = INFANTRYMAN 
10 
-1.67x103 Kmn/s 


12 


-5.555x102 Km/s 
x= HELICOPTER 


It can be seen in Fig 4 that no system depreciation 
resulted from the motion of the rangers, Table 3 shows the 
Tanging unit chosen for the measurement at each time, 
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PLRS SIMULATION - A JET IN A CONSTANT 10KS 
AMONG THREE MOVING RANGERS 
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TABLE 3 


RANGER 


21 3 
22 2 
23 3 
24 2 
25 3 
26 1 
27 3 
28 1 
29 3 
30 1 
31 3 
32 i 
33 3 
34 1 
J S, 
36 ni 
37 3 
38 1 
39 : 
40 1 


THE RANGER CHOSEN AT EACH TIME FOR THE THREE 


MOVING RANGER SIMULATION 
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D. SOURCE OF MEASUREMENT NOISE 


.In the above simulations the position of the ranging 
unit has been assumed to be exact; while in actual 
application the ranging units will have covariances of 


estimation error defining an error ellipse; and the ranging . 


unit might be anywhere within that ellipse. To bring this 
position uncertainty into the simulation, the radius of the 
error ellipse along the bearing from the ranging unit to the 
update unit was defined as the covariance of measurement 


error. 


The equation for the radius of an ellipse is a function 
of the major axis, the minor axis, and the angle at which 
the measurement is made. To find the measureaent noise 
covariance, or the ellipse radius, a." and oF must be 


compared and the larger defined as Mj, the major axis, and 


the smaller defined as Mn, the minor axis. The angle,a , at 
which the radius is determined is measured from the major 
axis and thus is calculated as the difference between®9 and 
8. Fig 5 shows the geometry of the calculation of the 
covariance of measurement noise. The equation for R and the 
radius squared of the ellipse is: 


Mj Mn 
Mj Sin2@a + Mn Cos2@a 


It can be seen in Fig 6 that performance was improved 
slightly using the covariance of estimation error as the 


sole source of measurement noise. 


Table 4 shows the ranger chosen at each time for the 


three moving rangers with position uncertainity simulation. 


Figure 5 ~ oc IS THE RADIUS OF THE ERROR ELLIPSE - r2 = R 
IS THE CDVARIANCE OF MEASUREMENT NOISE 
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Figure 6 — PLES SIMULATION - A JET IN A CONSTANT 10KM 
RADIUS TURN FLYING AMONG THREE MOVING RANGERS WITH POSITION 
ONCERTAINTY 


TIME RANGER | TIME RANGER TIME RANGER 4 


| 1 2 21 2 41 1 
q 2 1 22 3 42 2 
3 2 23 2 43 1 
4 1 24 3 44 2 
5 2 _ 25 1 45 1 
6 1 26 3 46 2 
7 2 27 1 47 1 
8 1 28 3 48 2 
9 2 29 1 49 1 
10 3 30 3 50 2 
LL 1 31 1 51 1 
12 3 32 3 52 2 
13 1 33 1 53 1 
14 3 34 3 54 2 
15 1 35 1 55 1 
16 3 36 3 56 2 
17 1 37 1 57 l 
18 3 38 3 58 2 
; 19 2 39 1 59 1 
20 3 40 3 60 2 
TABLE 4 - THE RANGER CHOSEN AT EACH TIMZ FOR THE THREE 


MOVING RANGERS WITH POSITION UNCERTAINTY SIMULATION 


The placement of the third ranger showed the value of 
triangulation of the rangers. The closer to normal the 
bearings of the rangers are to each other, the better the 
results of consecutive ranges. 


The allowance for motion and the representation of the 
Tanger's position uncertainity as the source of measurement 
error were important steps toward full simulation of the 
system; and they were accomplished without degradation of 
performance. 


A better simulation may be to represent the measurement 
error as the ranger's position uncertainty plus some system 


measurement error. 


Still to be accomplished is the ability to update all 
units at each ranging, and to provide a gating system that 
will demand more frequent updates for faster moving units 
and less frequent updates for slower units. 


A program listing of the three moving rangers with 
position uncertainity is. included with an annotated data 
deck. 


200K 


»REGION.GO 


EXEC FORTCLGP 
FORT.SYSIN OD * 


OH DANMNS 
o# COCO KHO 
o# COQO09O00 
ox COCOSCO 
A%# 2A0080 


HF OMDAO SNM PHASE NHO SUMO FOROAMAUNDMPOHKNHAOAM 
FH SSS AINNN NNN NONMM MMM OOPS ES NOOO eH NOOO 
b Rolelojlolololololeleloleololelololololololelololeololor. Tl alsigaisah sh Lh. 
, Rolololelolololeolelololololololololololololololololololelolololololelo) 
#9O0000900090000000000004000000000000000 


NMAANNANNMIMANNMNNNMNNNNMNNNMANNNNMNYNNNMNNNNNNMNI 
SVITGCOVTTVELOQVCVOOVOOO VVOOO FOOOVOVOOV LO VOY VOOVOYUOVOU 
FVLTPZBOCULPOCVTATSTSTITTSETTTOLTSFASTTIATATTIATTAATITATS 


fa 4 cd 
ec 
ar 
- Cd « 
[> So — 
qa~w 


K 

( 

’ 

) 
EST»NDyNR 


ZaedOweTA 

WO eFtte om 

— ae x<X a> & 

emp et ©OO 

at eemwe YX 

a Ponte 

=r~ortw~o 

Uwe Te ei eo 

my aepemst eye 
ose eOve ot 
aAarrOoyv~or = 
= ew ow olety 
LI PAS OK ee he 
eres & Ox 
© ONS Pelee 
rIvaawsy e Oo 
ews eYwerZ 
Olan XK Oman 
I ekO eX O &O 
Qe 9-=I~xXo 
apm ot XN 
mers ee > ro 
ef e ef o> 
zwelpepom ee 
>O~ww Nw OX = 
CO ese ZOwWwO 
O=-aA vid—-O 
et EtOAWNew 
qT el & §Ex< oO 
ZS tReeenwy «=x 
=w 60} <= a 

Imam © oe FOZ 


PLRS 
8 
N 
4 
§ 
( 
( 
M 
S 


ZEST MLZOAIZS 

WWI oe 

eUF S>OMxXZO 
MNOS 


/ 
/ 
C 
C 


ORDER OF SYSTEM MODEL AND FILTER (OIMENSICN OF X,yXhAT) 


M=NUMBER OF MEASUREMENTS (DIMENSION OF THE VECTOR Z) 


N= 


IN=NUMBER OF INPUT RANDOM FORCING FCNS (=DIMENSION OF W) 


NSAW=NUMBER OF TIME SAMPLES 


NENS=NUMBER OF MEMBERS IN ENSEMBLE 
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IPLT 


SOME OR ALL OUTPUT DATA IS PLOTTED 
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READ (5,84) IPRT,IPLT 
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ThE FOLLOWING SECTION READS THE SPECIFIED INPUT MATRICES 


CALL MREAD 


VOYOU 


(PHI »NyN) 


TAM DOSNUMMNE DONG SPAMS DROSMFALTHODAAENMPOROD ANAND ONM 
BO OO tt MINN NNNNNNM AMMO SESIEPMNONNN HH HHH OOO 
NANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN EHH NNN 
i ololelolololololololololelololelololololeololelelolololololololololowlolo 2 att week 
AAAADAAAAAAAAAAAARAAAAAAAARAAAAARAAAAAA HHHHHH ATA 
NNMNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNMNINN AMAMAMMAM NM 


VOVOVOVOV VOOOO OQOOUOOVO DVOOOOOVOVOVUOOO ITITEIIT Yvoo 
TPTTTSPSTTTITTTT TL STITTT TTT TT LTT TFTASFSTELSTSTTE OOOOH FZzZ=Ez 


- —_ - 
-~ 2Z= SS = -~ 
a mz _-_ =a 2 
- — — _ cd 4 - 
= a x“_ Ze w~ 2 e za ~ -~ 
“ ad - = 2 mz <= en z bd za —— 
4 - 2 -~ = - = —“— ef a 3 -—_ eo . 
: — & 2 - = e« - za = = -~ = z - 
wo hed - = \- = = >= zs = = - bd 
- =< = a - = - > OF oO « “<= wz [4 
ra S e <£ - Oo oc fo) x a « 4 
Amw as aoe lo Ate ed Qaenws YD i a-—~ wa a 
2znmw =ZzIow oyu mu Zmaemw mw - eeil 
oe. ah Aree - ante QAReO & eRe (am To | a NOs 
aie oe tie |} om oa Swett wm oy qt am f(<tt ta 
Wn od wit oa Ww ce WoOocmius ie Oodm WwsOc SW 
— > uw = Le awe SE uw Ss ia 4 — ews = cow = w «> 
ra =z =x <= = = E0072 
Mery Wn sw w oomtw us + mt we 
NNO ANN ae aeoy MM Ee SY ae OOD ab TY OO) et ee 
= J 4 —— ee Se = a =) ~z 


eal wy i>] on“ 
N N oa) ao 
an 
VY Ov VU Ov =) VU Vo OU 
37 


EAD (SIGV,M) 


6,138) 


TONDO NOE NDOLPMO SNES SLORNOMSU 
QO SCOPOPDOARAaO LOMO HO Steet 
NNNSONONNOONNONNMNMOMOOSG 
} lolelolololololololelolololololelolulolelolojolea) 
aagaooacadooaaoa4a4a400a6000°0 
NNANNINNNANNANNANNNNNNANNNY 
GCOVTToODToVTBoVBTVOVVVEoerTITt 
SZZOOLODZOOZDFOTSTZTZOZOOO 


MT AOS DORN SOADEOROM DINO 
St Nt St IN AION tN NALA atl 0 0 
MANA MAMMAMAMMAMMAMMAMAMOMMCM 
wlolelololelololololololololololololololojolo) 
aarteaaaanaaaaaagaaaadoaaa 
NINNNNNNNNNNNNNNNNNNNNYN 
VOQOOOOOOOGOOOU OVDVOTOOYU 
b> a > a> a> a> a> Sb i> a> Mb Ib > i> ub o> > o> > o> o> 


joj 
a 
ies] Ww 
Oo -_ 
= s= | 
a 
oO = 
4 [=] 
az =) 
a 
=) = 
wa Zz cs 
= OO Oo 
za! 
on uw 
= = oO 
8) 2 
uw Ww z ” 
= — oO 
Ke a ie 4 —_ 
<= _ 
~ ac w > 2) 
2 Oo + Ou _ 
j ~ td Le @a On _ 
-~ Z a me = fod <q 
4 = i -<t = Zu wn oO ww be 
7 Zu z om wu oO I= 7) 
-_ (Uff tae 4 - ae [o4 == 
7 bmn -_ i= <z Lad oO 
a bad wa tt —= Qa = Om z 
-—- 7 “> ad Ww 2a _ 
- 4 “uw . mn ac x o ac ay 
— - -—OQ = LP 4 Qa ~«™ Q P= ) 
-_ _ = ~ oe [= 4 ee qa Ga. 
— on) - — _ = = =O = 
- —_ N "<a 4 ae oO < 0 = =) 
= Nn Fe LP % - <x — = - mM =o WY 
- —- < al _ —— _ 7 Oe = 
> < = —za ~ nn S = . oO - & 
o no wn xx< w -— >< =z & 
—_ <x ~ <—_— ed ty = — may ~ Ww 
7) _ — ~— od om wa g = 
~ eCc-- ec = Crm oOo 2a QW —- -~— <q 
z-o0 Z—-amMo0 200 2 w e aw w > ” 
Ww rrr aerZrt rrr = OC 2ZZ0— =H Om <€ 2e 2 
aad AS eit atOcde x ett oy 2 ol ao —— Cf ee ie 
— inne tet ee (2) teee jen) |) © WD — wo KK Met Rt 
a = 00 me OD <= <x<ooou a Zur @G@ tO aoe a un "t 
= a ted nImw [a 4 —_~> 4a =< S9ewW FO Fez =< 7 
> om owt Lad °o r 4 GO = oe oza 
Pr uw Om fo, SSSTPS TTS) uw ot os oO Ww > oo ®© 
ad oor Oke a 19 | ed ed el ed z= wren WS Ur H vrei 
P| BZ la) BG lan) | tg Ot Ww aw ~ >= 
4 Owamae oOw2ecer <= Oeenw =z oO OOM, — Aad Ww OO U 
=) Axczs (onl > Aen Se 4 (=) im x ex 1) Re b&b OOWeFe OD UOFO ” OO A 
So ve] i>) @ [>] i=) cal 
> faa) Oo nal al [oa] tr 
na) oa) faa) 
WU VU Y OOo OY OVUVVOO VOOU VOU oO 
38 


PAPNOMHODO SHAUN QDDRO ANUMFO OOM DOAN PNOH ODM PNOHDHOGNOIN 
AaRMOOD OOO EE PPI PE DDDDDNUNDARDVNHOOOOCO OCS OO St Stat SSS NNNNN 

- DOMMMAMMMMAMMAMMOMMMMMMMOMMAMSYrerer Tyrer reo 
j lelolelolololololololslolelelolecloleleleclelololelololelololelololelolololelelolelololololwlololqo) 
! ]00.04000000000600000000.000000009000000000000060000006 
NNNMNNNNNNNNNHANNNNNNNANAMNMNNNNNNNNNNNNANNNNANNNNMN 
FDGQOOOVOOG OO TVOGOVOOY TT OOO OOO OVOUOOVO OOOO UVOVOOOUOOT 
VUOSTTTSTTSFSALOA SLT TTZOTP LTT TTA TATTSALITTTITTTTATSTTTZATO 


Ww 
a 
( a 
| = 
; ww 
f 7a) 
E = 
: Ww 
> 
=e} 
\ w 
| oO K 
j a = 
be ~ 
i wi wn ” 
f 5 im 
— Ld Ww 
<= <= 2 
E > Load _ 
q WY -_ 
us > 
| Lad oO =) 
| <x z wz 
= —_ a 
72) Lod = 
, —_ WY 
, j — = 
> =z ~ 
4 Ww [a => a 
E { fo 4 - ss) 
ia uw =) 
F ais = 2 Ww ”n 
| j=) — Ren 2 
Qa a4 uw DL uu 
| cs uw Led a am ~ 
j=) << Ww =e - 
F J - Ld = ” on x 
/ Led = ~ = | Om . 
z - Ww eK a =. 
oO -~ = - 7) ” Nt . 
F — — uJ = uy = =e — 
F ee N fo 4 - = =m ~ 
" atiaz2z be => - _ uJ 2) 2) x 
I e ° a WwW — Y x ~ - Ww oe 
5 Xo) ° Ww Zz = za - oO = o Or = ut 
E o = & x< aw _ e z aa <x 
" " —~ A= Co i] ” _ =O 7a) " 
i" " fh Zh z z2- 2= z z= = < 
-~ = z=-ect e > oe _— wu zt 2a zov +f 
-x~ ax — UO mio an A ZF awe xz De SoZ — x 
“xe te ze iu tome ux om HN - — eet w a w a noe 
-- oS = te xO — zt +97 v2) - D Ge Mw “I 
mths beg - on) - ww wn 2 Wk . 
-— Om z<« =~ S&S + Lond NN - - _ oOo nw 8 ~ 
—— = ~~ —- WW WAS n= ne wo One qadaidqse wel wy ~ 
—x [a4 oO —_ od ny Q a2 Ow Z >NM a 
=a on ww Ot [en] an) o~ =a OO~ a aaadt wu mm Zz O x 
<wW A> ao Oo Ox Ow Ox Wy O0A0 wa Ww BW WO aoaMmw Oo 
oO Qo ~ N oa Tr 
r rw Ta) wn wy in 
Oo WOVUOOYU VU OO OOU ws WwW OVOO OU OF YOUOUH YL YU 


: 39 


i=) 

a2 sd sl gel el ll dd ded lll del tl el dL ld 

= adadddddqe dqdaddddddt dtd 

SSTTTAKSTTTTTTAZTTTTTAZZDMZS 
a mn 4° Toe Ae Ao A> ls ards do do lo Ae dle Aa de Aa a Aa Ao Ao Ai le Aa am) 
aor OONUOUO *OQO0O0OO0O0C0OO000000 202 
OOM We WU VU UU 

= al 

a o SNM IPNO SBNUMOTNOERODKNOANMF OD 
~~ @D BDODDOOMH MAMMMMMMAMMPErerrpr Wi 
Nr md me ed mdm ed me ed ed ed ed 


+ BNA DO NOPLOED OPODKORNMTNOE DAHON PTOPNOO- VAC 
* NPP OP WUDOADIALN SS StHNNNNNNNNNN OOM WNDAOD0O00 
+ TTT FT NMWOMMMN ONDODDODDQ0D0DND00000 SS Ta) td dane Died aed Dl ed el Dd 
* o00 9090 9000000 se00900000000900090C0o0 wloleloloelololololo) 
+ aaa aq aaacqaaa anandgaaaganaaadaanadnad. aaaaqgaaqgaa 
N ANN NYA NNNNMNMNYN NNNNNNNNNNNNNNNNNYM ANNNNMNNNIMN 
nS VOU YOU YVOOUTOOU YVQQOUOLVOQOOQVOOVUOUULLOO VOVOQVOOOULU 
oO =Srtz fz TPZ TVUST—=S See T Le Se eee Z=zzTTTzzASITTS= 
—_ a 
- ~ 
- - ~ oO ] 
"W ~ « = 
2) — us 
= =“ [a4 x 
Ww ue o 4 1S) 
z we <= 
Ad aru - (e3 | 
* [so >) ad 
x< Ww<t — 
x ” x< us Zz 
~ —= 4 (es) 
i) oO 4 Oo et 
-_ ZO oO z ~ 
- 2 - _ =z 
C7 -——~ =O Wn pao | 
i — Zo Nw gS 
= ~ wa -> see) uu 
a - =O «e# By 
(2) . wu. =Wtu Lad uu 
az n io 4 =x <= 
© Le) oe = e 
x< YON j=) 
+ < qa «Ou = 
N - — ~-WZaz~e ~O Y jen} 
* N we NZX = & [a4 
* _ - —e — Yn 2 Ww 
pe - x Nek CZ 
< -_ = = eMooO-002e OO og 
- wos om en lineiaen A? 
”™ z me ea MY) | OF x< (=) 
- — 28 \N Neem ZZNWS — — Ww 
~ ee Nereehe HBOOOP>sU WY [a4 ” 
~ <— ee Oe X (i eemw Se = | 
aw + AYN Nese eR RWWt 4 <a 
[4 ele) al? Serco. oie) = ”n 
Ww N = Q hewrwmsTe YM OO i 
1 — CkKKZKIAS SX OC = we 
“Y -— awe St Ut a= & & 
= Cd Iivteyew KOOCoOda - = = 
uy to feeareae Oonm - = & 
~ = addattev eee SZ2eEe YH = nN xt wi 
~ +r So © KRESOTTeoo‘dde XN wo = 
x o @ a O ate Rewwe eS ee - t= Pe 
. x ALTXYOVGOBDNMN>SIOM Ww =— Te 
=o oO A + uw a vo 
- me Re — WWW a e = =~ £ 
Se N BEST ISSLSSTTIe T ON oOo - < 
~ a Go Ce el el ceed el el nel eel oad ee ed od ee ee Oo 2 
[7 Oo eZ omenaneeweneeweeeeee & . Ww * za 
at ~ ~~ mene wn ernnnnnennr nn anme OF —- WwW Fe OC 
> — = me Il NOK OK OK OK OK KO CK KOKO Ket qi2azaese>-s_ 
°° Q Om02 -OCSSOSODOCOSCOSCOOSO °ON + == w YN 
" e ° TN me el td el el ed el et et ome or. An eos 
uw WwW Huet Ct PR Ree Re Fe & eA Pe Oe > * | 
a wa Nw ww XK PESKY SSVWANKNL NW w Oo am w 
° ° QE NM Fe SRSNSASANASAN SNe =a. =< & 
rere RW ee | | re a a ee ar er te es et Te ~~ Oo & Qa 
eey wD Fe Da 
a Wo wi 
com) i! 
“en vg @Q 
ao = =) 
a = Yu 
Yn - a 


If (IP 
CALL P 
IF (IP 

L 

T 

p 


56 VAR(JeJ 2K) 


YYUU vO oO OO YVOYVOOLYU 


. 


Nt TOMNOOST 
PFE PANES 
Strerooro 
oh Jelololel=lo) 
a#aaocoao 


ANMTONOEODOANHE SNODEs+ 
DODD NONIDOI II N ANH AAUNASG 
ed deed eal acd ped ed eed ned ed bord Deck el ek DLO) 
ololalololololololololol Rololololalo) 
aaaaaaaaaaaa#aaccas 


ANOASINOM ODOM H OPN + 
QIOCCCOCD CO St HK AMMHO 
DDDDDDNDDDOD*# DDOOWO 
lolololslololojolelolot Jolelolelole) 
agdadaaaaaadt#oaqgooaeo 


NNNANNANNNMNNNNNNNNNNNMNNNNANNNNNANANNNNNMNMNAINNAN 

VBS TTOTIGCVOCVVOOOVO OOO TOOT BOT OOGCOOOSOOOKH0TOOLTIOIL 

SUSZZPOOCZ OCT TT TTSTTTTTZPTOZZOOZOO SZTFTTATTTZOVTAZOOZVOO 
~ bad 


o 

-_ ~ Ce 

+ + = 

oe - - o ow 
av -— ar —_— eer _ 
Q = al Qa ~~ - — qa = wv 
_ ayn oe = aeSe ee set 
— el-~> — eCL-~w~> — ele—> 
WeRQOxoO WeQdOoxo WRQOxKxO & 
er Oe ZS ered ee Z& ef eO ee 
CO em oY) rr GO om =) Cs OO om ome) o 
terre O eters OC & erryrtre 3 
<~w fF owe 2 Se a © Mweewes 2 
<ErTsr . ud <~Ertsy ere 2 uu ~srrszy . 
AQomwwr we z oe ee ee z teh © be ed 
-OCreae> Y o “OXrae> WY oO Oere> 
Oo ekiNM = w Qa OO eine Ww WwW (=) OO emine wW 
eel ee ot boll comme © © UE on Tl coe eR om oe 
ee ee ”n mam wep ew —~Y mmf omym o& 
DN ce ee _ SS es et _ =p eee yp = 
~~ ero en ons SM wo ew ee { x et O e~w ee 
MpwOr ote and Sr orfere SZ = Mw OP ot & 
Qwest awe «> | a) Qe eave, & > ba | — Qt ow FS 
eteryerre aeyryeyrre <atyyeyyre 
NZS “~~ & - NEM eO~w—we 9 - NES eOwm— 
QAa=ter -aAcN o ASer Orn jo) aAt=yer aan 
=aow~weTax ) =HzaqdOeweTax Oo . =FaqaweTzax 
WO ef te om tu WO ett om SZ WwW WO ete om 
re wexX< e > * z — wx eS Fr z me wm X< oD © 
wet ot eOO ® cmp er eO0O & ° way er eO0 
Qa erOut- -~ 4 Q erounrwr 2 4 Q efOnstwer 
z=r~0ISe>e a uu =rerorliwerm = at zr~orI~>- 
Uw Tr ew eet & = _ WD eke ewe © _ Uwe Tw a ow 
RSM ete=z ex Ww bed ewe aretew~ O ~ RPM eters ex 
ew~m eOYrm & ~_- = erm 8OMem & CO Ae a © > 
aAarroyvor - @& Ww AAaFttOo“~or «x Ww AOAProxr~or 
= ew eLnad zm e z ZSewwerlaat Oo z =e ww oT Had 
Umm PA SX eh ken 4 _ ee A i ad nS on? _ WP SOS were 
eres @ xn eo & aad betwee Ox Ww | Retest a ex 
© oN Sree Ps ir i] eS PRK NY 1 enue rKa- 
Ivaa~vt we tot Ld et = rraa~yer ED z Ttaawy ae 
— SS MYw oan Z oe © oO owr SE ONw eZ SZ oO wr ST Nw eZ 
mI Lem XK Oe a oS —Oljiem xe Om WL OWN x Ye Om 
Ie O eX~O & ome a TekeOe~or FL | Ik O eX O & 
am Om Iw Pat oe uu Qa Oem Iwyt We ea) Om -0—I~-=< 
OPm et XN > a aed ere et XN FE - epee et X<Nae 
[0 A i oa al O2= = eerre se I> = Lory we eee 
ef ew afm os O aw Qw ef ne efem we OO aw ef ee ete ae 
Beep pene on ate =2 Festtweprnr es =2 Betws + 
>o~—~ NSO iste Or 2>Ouww~n~Oe uu or S>O~~Nw OL 
QD emi ZOw ==. CO OC Ne ZOW Wide Qe OC eee Zou 
ora ~rId~ee =a= =z DS oFfaxrtdtwe FW 2 D> oraxidewe 
efSOawne qow Oo WO etTeoawne «Ll Qo wo etEOawnr 
Tew © «> « Ome SG OC genre *txK em eC Oe <4 at & atx & 
STR OeN 2=z ~~ ODO ShReememN et YO Q FPhenen «= 
=~ -OtxX— & 4) Ww OD Tw *QOyKe ee a w OD =~ OoOtTKm— & 
Trim « ot QOZaQ ZrO cqtetmO eve etd OF ZRe"YM aqeewO eet 
OWS Se ae omtO _ OWS erm os ee ~ OWS apm ae 

opteryr oe [a ain Aa a Ke nM tert es aw Fe NY ete tis 
QO2Zt Oew~= arOZ D Set OZ Owe SE AN ZF D ew OZ ww Ss 
+ Ow SINNS j=) rl #O~wtannaet az xe O LC #O~wtTINnna 
aztO~ EK a4i45D c@© OF UZQ~weKEY - > e¢ CY BWEAwtxren 
ASZzTACZ0I] Jaaij-O0 aqe=zezorasz w -QOn aezaeczod2 
WOW eT « aqqdqwZ29 42 wowdde Ds tw wz) 22 WOWddIeHI 
LO POMnxzs QOVUCTWYH we COrR>POMN Keo BRO CW ee YOrS>POUxXS 

ANOPOO ANA TINO ANOS 

OU YOVUO VOOUU (STS 1S 1S) 


fe 


; 
. 
‘ 
¥ 
E 
q 


- Se 


CANMPMN SFOS DAHON PITNOL 
ANNAN NDNANNN MOH AMOIMMS 
VODDDOMDMNODODOO# DDOOVO 
lwlolololololeclelololololololel sojololololo) 
aQaaaqaagqgaaadaaaanaradooao 


ANMOSTIAlS MS OKOHOMSIOD 
PSPSPS STOMA 
BDBDODDDODDDDDODODDDDO 
lelelolelelololololololeololeloleje) 
aaaqaaoaaaadcoaaaaoe 


QDORNMSH 
MN00D000 
DDNDDOOD 
cooooco 
aaaaaaa 


NINNNANNNNANNANAANNAANNANNNIMNNNNNNNNNNANNIMANNNIMNNNNY 

VQOVOO OOOO OOVOGO TOS LTV TLoCoovO TOOOVO LOVOO TBVGVOVVY 

STTFETTTTFTLATT LOT ZOOZOVT TTS TZVOCZZTZSZAVOZSTTZOOZZTZZTZTZ=S 
bol 


Ww cd 

Load Oo + 
= Cd o 
w> weet eee: 
Iauae vaw~—~ -vt 
FLO Ze me ere 
Wd tm el e~> 


FOR COMPUTING R ON-LINE MUST 


QwOOt edteyyyre 
W OZ (NEM eOw~— oa 
NS awoawistryf eAacn 
DOW PuUtaawezax 

MO RW ME oe 
Ne fIdDe eX ee * 
SAO SMA wey et OO 
Ste Zeta wwe 
N= AO0O0Q efrourrwrr 

RNZOQVET-0iI~>- 


EST,»ND,NR 


Onoda Wel & oO a N 
Zw SORRY ares ev * 
—~ FLOM erie eONre a mt 
ZOMO ( yvaaty~oxrcor -~ Ve 
SZHAeLdISs o& ow oLaat MZ —_- 
[a4 DRC Wee PONS Ke o a 
Ww CS BWOWR Sey o@ eX ber | <x 
Nn <e ae oN Pea - mux 
e> NOM ZWICSAa~+t ow = <r 
2 wt OF ww NwnZ ~ —+ 
Wu tm COLL tb SO LU oe a OO ”n >< 
== SRIe I eo eKOe NS x eeg Zz 
Wwe Q Rotem oQOnmI~ey -~ + — 37" wx 
- Su FOr Orem oF KNEX OO pn 4 - —eD 2D 
<> COs ele wry ew Pee OR - x Netw be 
a QO OMmws et oe ate oe = > x<— 
nn NOnZz Beryrwstr— * 00 - ar, |e x 
Ww OCW *Co>Qe~~NwOta=O0O ~ ~ ex 
Woe hm We OOO rete ZOOL ~ 4 ~wit - 
mw Qt Ze th tro vYIid~w ewe ” ~ ~ >0o 
—=x Ee SNR ORS rEOawnes lee x< = < it ° 
_ Y wel NW UU & EK eK 0 < x ut @G 
zo SRR Za SR Ren OD www " " as w 
aw Ww OdNdwZtw OTK + 22 2 = zxXxa— =z 
Or ZS CRM WLOTee Ow et OZ ee —_ _— - <x & Ce] 
vga 4 — QSOs ape ere aX Wet WwW awiewe tw 
aw —- D - efetrfensgewWw fe <p te D> tH 77K ht 
an Zz Dd NWS = LOZ N~ww DEE OP =z 39% £2 Sm ece W al 
aqaz cx oO SAOM LEH OWS INNS re e Qe Lv Nien I= " 
-— 2 LZ NASOQOMsEOw SKN ww eet RE Owe OD 
Ww K-O O s2redIerASetezodZzse ~ 2 ~ 2 mrianc = 
Twa w2ez 4 Coa cCenwowddeTeetiu Ot QQ Cf vw OXest uw VS 
KO Cw YY RPNORWWYKOrS>OMxXxZO—Mes OX QO OX O OWW> = Ow 
ANOS O 
- N na + wn 
YOUY VY YVYUOYVOOU >) =) YO Oo oO Ww oO QO 


OMDAOTNOM# DOOAM 
WODOOEMAMMM+ MESO 
DDDODDADIAIHAAAHHAHHOORO 
lololololololajolol Jololololelqo) 
aganaaagak#andaooago a 


vr 
al e - 
a lo a —_ 
zw al -— +f 
ak - — oS— 
Omg = elaw~> 
Ze wetoxyo 


EST,NO,NR 


ederyerrn 
NZX eO~w— eo 
Ate eAaeN 
Zt TAK 
7p) WD EPR orm 
Q = wx 2D 
eof et “OO 
=z wT new et 
=e PONS he 
RrYNZzZ Pw Ole em 
SN Te eHtQ. & 
Z2atory rms ew 
— Zertem Orn 
NWEASPOYLOre 
Wr. we ame OT tt 
CG WW tnt xe 
RROR Sey & eX 
wm Ze ONY Pee 
WO m—Oopaarwsy ew 
Wwe ows eYwmZz 
We OUI KY Oe 
LOeCL FO exo & 
Chetoem oO- I~ 
Ug erm ef <NG— 
Zt ewe eh 8 eee Ss 
LULL<t ep @ ef em mee 
S2rtewtywstm 0X 
0 We > OewNwOY a 
AWO OC ene ZOWN 
wz NOowra~id—-x< 
Nee ef SOOAW Nees 


VAR( LJ eK FEXH(L) *EXH(J) 


“i KRW wu & ox ow 
= DOWS PReKN o= 
a=~ WOESSE— -OLTxK— e= 
i> 4 ZxeDOqeeKO © oT OK 
“ee MOLAOUIS Pm Om 
“= ee pet ez 
7 7-* 2 DNZ00OZS M~wr=nN 
+~ ¢ OO OVO#O~GINNE 
O=—- 2D AMO wWEQAwexKevY 


C RPOMHZNASTECZOIVZY 

WZIkAIIWOWATeT et 

CW x CKO SPOMKZ0 
ANO PUNO 


oO VOU 


SEGXZC1) *X CE) 4+XZMEAN(T) 


CANON OMDHROSGNMOTNOOEAOSNMSN O 
LAU LALA LV LALA SO 000 0 O00 ODOR Ri ehh 
APAADAHADNAARAAARADARARAHHNAHAAHAAXAHDAHAHAHAHS 
lololololelolololololololololololololelolololololulole) 

Qa agdaanaagaanaaaagaaaaaaaagaaanaaa 
NNNNNMNNANMIAMNNNANNANNNNNNNNNNNNNANNNNNIMNNNNANMMM 
VVOVVOOOYV ET CO LTLIOTIGOO TVOWVOVVQVOOUVOVOVOQOUOVOUKU0UU0U 
TPSFTITTTSTPOTPFOO POOF STOIEZTLTSILTILTISF TIALS TTLTTTLEITITT=S 

- 


+ByNy M,C) 
INE ADDS THE NXM MATRICES A AND 8, STORING THE 
eg 0004944161404) 


DD (A 


aie o~ 


1,N 


oc 1 I 


(I,J) #+B(1,J) 


N Al494) 


WSO Die 
CWE vO 


OON 


1,M) 


(A(T J)aJ 


RETURN 


ODO MNM FINODMHDDROANMOSINOE DDO SNM OMH DAO ANMOSAOH DHOKNM ST 
=F DDDDDDDDDODDAHAAARAHAAAAAOOSO OOO OOO es eh ect ered ad at at et et MH IOI NON 
PHARDAARARADAARARARARMAARARBAPQOOSOOOSOCOOoCocccCeecoeooeooescoo 
lwlolelelelelolelololelololol~lolololololololol ean ae eee tee len bee ken lee tee Loe toe lento tes Conte Toten] 
aaaaaaanaadaaangaaagaadgaaaaaaaaaananaaadgaadaqgaaaqaaaqaaaaaaadqd 
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNAMNNNNNNNNNNNNMY 
YOQVQUO UV VVO VOU OU0 UV QOOU OOD O OU VO DOD OOOUOU OVO OUVOVU0 0 
SETHPPETTSPT TTL TLL STILT LLL IUTF TST LT TLITTTITITALTTTTLASTTTATS 


MATRIX PRODUCT AB AND STORES THE 
S THE NXM MATRIX B FROM THE NXM MATRIX 


M) 
ES"THE ENTRIES OF THE NXM MATRIX A 


ety 
+r 
~ 
SX 
—_ 
~ 
Ld 
~~ - 
-~ a a + 
OW x< Led ~ (oe) ° 
eI za Sd J + 
~~ oa | od ~ x -~ 2a ww 
= - f wo ad WQYiet oO 
Co =n e faa) oh ry 
= aw OO = * =zUrF = 
2m tt - Ze BS -~ edi + 
> — "> ° x z2a5 > 
<e . wn aoa oa - re + 
~~ - e = -_~ _ aou ww 
[a4 ~ N <O wa O ~ -2a a 
ws td a ww x cd <a qn o 
— = _ Ww = - + ~~ W = 
-—- —w + ~ a ow t+ - - wrt + 
oOo “€2 4 a O2 Ite & ° bar) oz -e 
=e + ~ - ae e ~ >— tt 
So =e ~ <x @ Do~ j~) — = Ne NO 
a, b- 4 - N DU Lame 9 ° ~ —_ DW «gq 
uw wo Zn ~~ wo a Zz ao zw =e 2 wae woada 
GS 2a 2 *e CP 242 — F668 Se eS - 2x0 «Zz 
- “—OqtO 0 =~ —OMr eNO = ii ~~ tl “a ml —OKarO 
eos Iw eD t= HH ht nH WoW tn eoOW = 
Ke DNOW = Ze DOeKON = De -_- > vo — 38m FZ DY OM 
aio zs weit o wZee ~ “ze Oo OF 
= QMow “Fe 5D = YQ aw + se NN Ne a Me Dd CHMfZa4w 
COON As — -—- CONKYMHIaa ~ _ KOoOOeaast 
OfZalue Ue Ww OQZ2ItTW we YU O~ oOo oO Ow oO OM WZ5Dkt we 
LWYe ZO OF fC LWYeaeadygoO AQ OF Qa 8 AH O OO CwHeEaao 
N ~ N ~ N aa] 


DOM DAOANUMPNOEDROSNUMASANOEDHDOANM SOOM DRAOMNM TNO DAO AN 
ANNAN MMAMMMAMMAMAMO PPPS TOMMMNNAMUNIUI OO OD 000000 
lelelelolelelolalololelololololulelelolololeloleleleleleleleleolelolelelolalelololelelojlolalelojo) 
Se rem dd ee ead ed el ed ed eed rd et ed ed eed rm ed eed ed yh raed om ed rt et oe ed et rad em el em et ed om eet eel em md pt 
420040044004000000400000000000000400000000064000000048 
ANNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNY 
VQYOVOGOVOVOO VO QOGQOOU OO OO OO DOO OOOVOOOVO DOOOOOUU0OOO0OU 
STTTFLTLSTSLTTITSTSTTTTTATSTSTLTT TTT ITIETSTTSTSTT TTT TTTTTTIATTSE 


w 
= 
~~ 
o =) 
2 = x< 
— <q _ 
[= 4 « 
oO x< te 
ad <= 
” ” zw 
[4 a 
4 oO ze 
= x< 
cs oO =a 
Uu Ww _ 
> uw 
Ww 1 =E 
72) ZN = J 
oO —_ 
a wae Ln 
2) xro Ou 
2 dl od [24 
<= oO = 
[= 4 UL Ow 
—_ o> oP x6 
| ar 
x< =z 
= (422) 
[4 “Mw aw 
-_ P [4 
4 Wk awo - 
= >iK vr 
- eS Kw) - 
ow - = z Lead 
ex NY =) . 
=e - a Zw2a -~ - 
~ o + Zeya or + a? 
~ zaMN S75 = <> ~ —_ 
- = vt ~an + a x< Pad =< 
~ <aic ~ elu ~~ .- © > + 
~ -O 2 YU <oxZe nN “Oe — =~ 
fo) uw < —O - oo + a 
| Wn > a wu = - Oo - —_) & 
-~ zw > - out + _ Qww x< _ 
a) <z i - ” Ooze = ~ e2w - ~ 
- en RS o on > > o> =~ rd 
~ ee = = Ken . + >e l tr + 
~ pam p-¢ ~ Sw = - -_ . oO -~ 
2 ic wo =) 2 =< wot + 2m wo > +r =O 2 
.- «© 2a2 “Zz ee ae zzo = — 2auw ~ = — 
“+ =i —Om et as if Oe KX mK Oo < +o ke 
" " eS = = I | e172) " ee O " " 
— = FZ Dex<XDH = Qs FZ DM ret 2 3M _& rt ost 
3% f£ OC AzHS oO Oo # “xO ov + 
“a we D QHD ww 4 He DD MMS 4 ete DD CHSwW ate te 
— KF ODOeM ITE 79 KFOaeat < — fKOdDe<at> <z — _ 
YU Om WZDtTwW we CO OM WZILT w Ow wWw2Z5ndLt 1 wu O~ o~ 
GO OO C£WHeEAAYO AO OU CWMeE>} LC ON CWHeEASE ce OF OF 
~ = ot — 


Vv YW Vv VoU Oo oO Oo VOU UO =) YOOOVO LO oO Ov 


—n 


SSE PTT 


—— = 


APU OFPOKOANM ANMOMPOOEHAHAOMIEOH OMSHOPM 
PEE EPH OOOo PEEP EELPFEOLLTDO Oeteteiaias 
lolelommololelojlojloleleo) DODDDDDD#HF#DOOCODO DAAAAV 
ht ded ad et et ed md et lololololololo! AclololololoMmolololojolo) 
aaa @2aa04a40404 anaanaaktandnoqoae aaaoaa 
NNN NMNNMMNYNM ANNNMNNNNMNNNNANNANNNNN 
OOO YWVOOOOULLO QQVOCVOOO LOO TIOLTIVOVCVVVo 
> > > > > > > a a a> STSTIZTOTE BOO ZDOOZTIZITZZATZ=S 
oo 
Ww - Ww 
=z Da a 
bee we 
Lad ec f om Oo 
=) ou er Load 
oO o = ew (on) 
aw — -ce~> mu 
oO WemBOoxo x —o 
2 areoes 2 > O 
No Bam =H © Ie 
Ww errerre CO fxn 
ae Mee ewm 2 LO 
> a < ~3Brrseyr + IrO 
ra aSwwOw OZ 
[a4 mu -Otrwe> 4M) Ww" 
j=) 2a Ono wenMe w IM 
lend au Col om ot IZ 
(eo) eo) sae wef =m & [eae] 
> ww) SM efO eh oe = CO 
ze Meo et « wit 
e uz Qa owe OD LLL 
a Oox~G EP ePre HO 
° om NE eO~w~— o z 
2) Ate QASePr eOen Wes 
met SaqoweTaAx CHW 
a — Wo etlTe oe OC W 
4 - GB me eX eo >e F&F eI 
2 er LL eeeP et -O0D AN 
QO Pes AP ewe Ft LwWM 
4 pan) wire AQ efonr—— ORK 
wn 2vu zZyrw0rIewrem 2 TL 
a mz Uw De end e Ie 
Ww WoW my rere ex az 
= t «a ave eOYe e >TO 
: —_ Zzow AaArroyvor eee 
= a Oww Zewelaeat CO fF 
| ! ow Wie PUSS mere LU 
v4 ovum mip me eX OKO 
‘ WeO = SONY FeOe WO 
uu -~ aed aed x Ivaaw~reer %~ZO 
Q = N - Ime Se ewe Ee NwenZ SISO 
— -~ ~ -~ 2 eewt EF sOWexYOnm xX 
-~ z z zee we DL etOe~oe KEY 
2 zn Cd CM! 22 tt Qe o1QeI~x aad 
t e oO al > a > lw wom = Pee OP XNE We 
i 4 > <a ff — — mm (8 Oat SE Sopp eee—e Ze 
Er P — WwW _ *~N enw = toy woe om OD oe 
E- aw . — & wo a wmwAQ O Baepyeperrer ec Zaza 
“ (=) - a Ee ~ WwW ~YOOKF + SO~~N~SOE — HZ 
B.. aiew ~~ — at = — we A O f= O ese ZOw YX & 
i. wiZzaenrw CO Daw = geae> ws AOrFO YY YRMWOY Tae —S= MW 
f \ cu > n> Btw 8 Mes a PF TOOWNKE OZ It 
> Fe ~=—m~ OO Pe |} >= <x &—& Det K Selene otxK ow he 
Fi - as => - -~ = >— N Nie %# StRememn FSU eo 
=e w Oo ~ bh Witz eo a) a eo ok + tee 
a za ete Zze ODO Zw ow 2zeonz wi Teen ae oP OZ Ie 
ae — Oo CO = wi mei SOO ~~ —yOW A OWS efe eH OR aw oe 
it -e D> =—wW - WW te eo x= tit PHP P emilee 
’ — 2359 NwZe IDtKHttZ DY Ze DSAWRE — DSZf N~ew~DY2xYa~ 
ao =z eat “xe Ofwadt [4 a #tOwMPINNGE SZ erm 
Ne=~w > & YW WODE CeRsDd CWRDZ CeRrE + AD OwWEKRNWOMW xX 
~ KOO ~~ £ar-COORt “FOODS —-cOnd Oo ~ ASZZTXLTOAZA ~—2z 
o~ WEI £ SWWOZIWOMWZISCWwOZW Ze we WWD em QuwZe 
o> CW &—& OC CULWNRONCWNOSSLWYesh K COR POMXZOKRKOM 
AINMPUO 
N ad ~ ~ 


Ov YOU YOULYUYO YOWVOU 


ee ee ee a ee en ee ee eee 


ee 


ao OH DROSHAMNPHOENOMNSNOM ORE ANDANG BANORNMOSPOOM 
“a FPIETPAMNMNDIAGMMINAMMMAM MMOH SEANSO ODOUMUMNAMMNUIW 
ag SCOOCCSCOSSCSSSOVAALEE LEE ELHEEMOCOFrO CORRE PrPrrr 
oo ljwlololololololelololololololelelololelor Jololelelolo mmole olelolololeleol~) 
ao ecoocoooeoqcoooaaqanaaaaakt#e#aaooag 00ea00000040 
nw NNNNNNANNNNNNNNAMNNMNANMMINNANNNNNMNMNNMNNMNM 
VO TOILET LTIICITICOQCVGVVVV OVOO TOO TLV TIBDOVGGOVOVUVU 
z= (STS SS SS SSSI S1S > a > > > > > > aS > > OS) BOS SIS) a o> a > > > > x 
- 
- 
vr 
° - 
zw Xo eae 
qo me 
oo — ope 
— elaew > 
WeReaAoxd « 
ef eD ae 2 
CG xm om) o 
otets¢e O 
wweewem 2 
~aevrrsest @ 
aww Own — 
a) Oerte> 
xO OO emne wW 
ee Corl wm om 
ee) maey amyrm eo 
3awW Po a 
ax xX ero oN oe 
<I epee 
>L Qwest owe o> 
<teryerTe 
wO e NZX eOw~— & 
eH ReN aster -aAcNn 
Zataw=zAxX< 
MU WO aE te on 
AN — om xX oem & 
mz omy or OO 
-”_ = wmOuWwW af ewe wt 
os es  ,.Z2= Qa fon twr 
ee wc ww =r~w 0 I~ ee 
N T+ at 4° 4 WiwDT ee ei o 
- & <a> ese ares ew 
— LL ey) eo~= eOY=— ew 
So = an m“nat AAarroxror 
nn menu Zee elma ~ 
<x XK s= Wem SX N 
ra efx & 9x) + 
+ + bh OW 2 oN PK Oe * 
= O mvaaw~wst ee <x 
~~ Bw ews YweZ ——_ 
-~ a Laeh* 4 OW xX YO wt 
a « =z = Num x= eo eX OO ar 
(a) <tiw~ Y~=ve he Te A «Oo-—I~ey iw 
oar awe Zz US LL ae [a ax 1a) epee ef XN No 
wm qa [dedi aq w Serr & eS + om -_-- 
0 [=] ~O~n ANOS ez> oP © Oem am Has = N 
N - ZOW eoae net Berrwsrnm om Sto = - 
oa mt OM dt os Ot Us >= >QewNw OC Y= Ta> > = 
w (=) NAOH ee ee ee NWSW OC ese Zow exo & .-9 ry 
~ oO — FOE NINN aqzj~ OKAY Itweem esd > = > 
t= a om en xx << We Od eFDOAW et etc net . 
as ~ - OmMo e =eexZz tm © OS K ot mem —_ N 
YY Zee He mete pe NNN Ww SPR een elw ZZ > = 
NZ4v ta > en | WON =z— OLX Nw eZ TO 
Hef ee WL eee on | meee mim o ee oes om © 
NM OQ Wee YNS MSY Mw moO OWS Pm we KY =—“" O 
NW OMm—R D> eo & & e|l ee ee -DOk- wt | ‘ " <= 
<n emus ZANDT HANNS S Z DHNOA Oo2Ztr Newt wlhin =i > 
iT] et tod we ew ef ON Q <x + Ow nndd 
— LWNOmt title BwewwwZ HOODHOs SaztezZTodtZarans = ed 
20K LES QWNNUMNOLMNMNWMY WAZVLZW WOW eyjwwegd Uw a 
KFOWF, SSO KK KOW RM KK CW IO ZO SPOMXZADNNY OF YU 


i=) wu) 
~~ 


(STS SiS{S) 


SINOYTOO 


1 


n <a 


z 

( 

P 

T 
ROUTINE GAIN 


NM ONO POM Pate 
OOAD HH ARHOOOSO 
PEeNONe ODOCOFO 
ooo°co# Soocoeo 
A2AkAaarkaaocoao 
NNMMNMMNNNAMANN 
VOUCOTOLTIOLIL 
SESS BOBZOOZOO 
e 


K 
( 
9 
{ 
) 
EST»ND»NR 


~ow Os ore 
Owes ewe, o> 
e<tirerre 
NES eOuw & 
Azer ON 
SatoOwezax< 
WO EPR om 
rm aX o> = & 
ot or OO 
mS owe 
Qewtrovnrwr 
zr~0rI~>e 
Wwe oO & 
Rex post ov 
e~e~ -OY= e& 
aatrox~or 
° o~w orm 
Lem PS Xi 
meer © XY 
e eNyraaoe- 
rivaa~vyt e+ 
ow Ft ew a Zz 
—OWm< x Om 
x= ero ex O * 
Am ofa Iwe= 
Pe OT XNA SY 
ZH err « eS ~— 
ap © ote eo 
Bet resem ow 
>Gwww OM 
CO ew ZO = 
ura yidwey 
ef SOOAWNew~ 


Owst expe 0 


<a4EF=TeCTOAISZ=E 

WOWA<dea Tr ans 

SOF S>OMWXxZO 
INO SUIVO 


=PKKML(I,J) 


PUK /K-L)®HT*(H*PIK/K-LI®HT + RD 
1=1.% 

d=] 94 

vera | 


Ov 


PLRO5810 


GO TO ll 


ooo 
ora 
Seto ol-e) 
Payal’ a) 
ooo 
Laer 
ed 
oad 


*PKKML (12 3) /(PKKMIC Le L)-PKKML (39309) 


1.0) GO TO 


(2. 


Zoe 


FINC UPDATE UNIT*S ELLIPSE ORIENTATION 


FINE UNCOUPLED VARIANCES 


ACJUST THETA 


VOU 


2 GO TO 63 


5/2. 


CALCULATE BEARING 


DC 9 IN 


WOO 


CH200066 


1,3 


GO TO 9 
DIS CXHKKMLOLI-XSC10e1,K))) 


239K 


S¢THE-BE(IN)) 


3 


b 
CHCOSE BEST RANGER 


STS tS) 


70 


ad 
+ 


8 
S(COS(ER(2)))-LE-ABS(COS(ER{3))))GO TO 


a 


an OM OC —2 
Ite INEM i 
ww i =i Wau 
mt et CD) eg CD mt 


Ld Oe 
~ 


CALCULATE H 


ZTOOOOO 


10X,*BE(L)*, 8X,*BE(2)", 
*XIN,ERGL),ER(2)5 RR 


GO TO 20 


*SIG2y* 


YN & = emt o>} 
e XxXnNOo~m= 
ODN ame Z 
<— Oe ee 
Ne SNM | aA a 
“a OX — | 
eet eo | Oe & 
2 SY demw Zt 


Dore Owe jl wre 


wd MWe ae 

eters = OMe 

el * 40 el ® Ad 

LLOKCLOwWWULLO 

CZBUDZLIC“-AU 
~~“ 


N 0 
N vr 
- 


VOU 


a8 


FIND RANGER*S ERROR ELLIPSE ORTENTATION (THER) 


OVO 


hs 3% COD 
H% HH Hb Ht 
He Ht He 
He Ht tH 
HHEHM 
MAM MH + 
Lrrrrt 
VOLVO 


+ PR(1,3eIN) / SIN(2.* THERCH3****8 


IND /OPROLeLl, INJ~PR(3,3¢I1N))) 


23 
1 
el,yIN) + PR(I393,IN)) / 2. 


Ont 


CALCULATE RANGER*S UNCGRELATED VARIANCES 
SIG2ZYR = (PR(L,1l,IN) + PRO393gIN)D) / 26 


1 
le(SIG2YR.GE.0.) GG TO 2l 


VOU 


Q 


— PR(1,3,IN) / SIN(2.¥*THER 


OY 


Lod ook | jelolelolelolq) 
Co Cr emt MTOM ad 
oO wr9ey9e9rr 
On Co He 0000000 
Oo Oe He oooooce 
mmm Ceerrrr 
x=rIrt oa oto J J 
OVO aaaaaad 
| 
/ 
f 
f 
”n 
| wy 
xN 
=z 
Oo 
ce 
oO 
zo 
, mi D 
== 
[4 a 
Ww o> 
“a + zn 
~ - <0o 
N Coal 
oO | LNCe Cx 
— GO eexXx MS 
Yn = SWAN MIA 
z qO0O OU 
| on, > 
~ eznM nN 
1) UL Ws ia) uw 
2a INWWINH NS 
“£2 moO z 
a> Ih = IZOVz 
NE QONnWzz=r=zak- 
o2za 2wQO OUV2 
“On mt LL, te) ed a) 
Mow OM=MNONMNY 
~ rw 
N NN 
OVUU 


CALCULATE THE NOISE COVARIANCE 


OMPDHDOHSHNMATHOMDHAOANMNTONOEDDROAN 
9000 Set et tt SI HSIN ONION ANNAN AIM 
PPP PPP PPP er PPP RPEPEPERPEEEEE. 
felololeloclelelelolololelolololololelclelolololajoleleo) 


ANNNNANNNNNNNNNNNNNNNNNNNNMNM 
QOOVQVOVUVOV OOVUUOO VG VOU OOOVOOUOU 


*RO1,1) *CHIFeR** 
CH3¥* ex K 


BXe"SIGZYR", 9X,*ERP*,1LOX, 


MJ*¥SIGMN/ SIGMJ*(USIN(ERP))¥*¥*2) + SIGMN*¥( (COS (ERP) ) **2PLR06500 


Cal 
(sa) 
—_ 
At 
a 
Ld 
- 
as 
had eS 
-_ = wz 
= a WwW 
(24 = = 
hod td lu x <4 
ao- [= 4 x 
ae wa uw - go 
w= x = a x<~- am 
- - WwW . = ~ s+ Ae 
es ¢ --~ Nw a 1 =a 
ce os aw -— ve WS -~ 
x N Fe Ze neem MZ NN Re 4 
N O SER we xa New YO ee « 
OO — Z2wa mee NP ewAZ wQeZ = 
—_ Y oe = et ~MADe AHN eZ ~ 
YQ weet wv ae wR DW nmGO2Z ex ~ 
ee? 4 Qa2 Qx~Wwkre &§ A= eZzaA a 
e KON & & Ze = Oe wel ew = 
<x NZaZzse wN Ha eZ Yr eZ]SZ Ww 
N wk ee eo #2 eX MN ON e & = 
a SRS SN et mem eZ esZOQaz ~ 
- WY) o&§ ewe Mw SIS eG we} eZ TS -~ 
cd eZ aro ake + ee ew SC ZWWD ~ 
CL SC ot ST oe EN te OR on = 
Ww WSS eQ wy BW TQ ew oe —_ 
I tevrao FE vwwltre = YH IKRa - 
mer Ie ete O ww YOrew YeaoxrTt= a 
Ome © ew Tw mH Alom—re AT~KaAaw = 
moe Qe fee er LL QQ wat w 
ANXK MSN —— 4 —- ~ ~ Ze 
Owe Z00 * nO oO © wiZzoo ad 
Wo~w~W -<OO09 20 f~10M0 «¢«a<z000 eH 
~ O0VeeKCOWORqe W LDX Werxero " oe 
—m hme ~FrOAO|” eZ20QA THawna CjyraadtZez ma 
mw el = -~ Oo 
RK SkKR YU ff ON ON eS OO 
ae CO od oe ee ee ee ee ee _ 
weunadadqaqadquoda owadaad Ow~dadaw O~ O 
CSL "BOOOO™ DOO ZAQOU ZQOOOVa 020 VY 
ia] ~ NO 
N 
OVUYU VOU 


OVO 


ae 


* 
* 
* 
* 
¥ 9.0.0.0.5.0.0.0.5.0. 0.0. 9.6.0- 5.6.5. 6-0.0.6.0.6 5.2.2 
x= 
oO 


SFLTITTTTTL LTT STTATTTSTTTTATTTS 


\ 


\ 


MOD HROMORONMNUMENOPIDH NOM 
MOMOCWUMMNOODD0#QOREEOO EE 
MPNOUNODOQOODNDOO#OQDOOODS O00 
coooocoococe#osoesos CoS 
amaadaaadtanaaa#andoosneo aad 
MMNNNNNNNNNNNMNANANNNINNNNIYN 
VVOOUVOVVOVOOVUO TOO TIOTIEOOoO 
STTTTTLTTATEOTFZOOZDOOZZSE 
A ad 


lad we2tOoxo « 
a ere an Z 
= Gam w=) o 
4 orrrre 0 
uw weewaew ZF 
wi <sBrrzsr had 
(as) Cow 
Otees> NX 
Ww Oo emane WO 
= - 2 eel) fe Ot 
ed -= eee oem > 
z } x etO ON ome 
Lowa 4 Mwy of ox 
ns QAw=t ewe a> 
= =x ee 
wo, NZX eO~w~— al 
ee [- > a os 4 
<I~e =< SO wee TO OE 
=a = WO elf on 
— 3 X< m~ eae XK o> 82 
eo worry et eOO- 
NL = ws wen we om od 
uJ x Q efONnFrwrw 
o> = zvrwrdoiw rc 
we + Ww ew eet eG 
; east i mw opeszt exe 
qao-m exe Orem wr 
{ Rez =< AAPrrox~or 
1 NotI ww Se ww OT HO 
4 wy eres & OX 
f P = # Ce a oe) 
‘ eu - = rvaa~wsy = eZ 
} zw < ww E waz 
Ne ~—- “NM OWS XY Ome 
Ww Oo x Ie o eX OO OO 
——— + we Qe f=I~y 
zo - - ofa ef XN Ww 
Aen << Sot & OSE 
ag } p= oP © apm eed 
mw ~ X< 2wevtters oe 
= _“N OF >O~~r Nw OLX 
— We ~~ O esa ZO0wWo 
=e Zn ~—~ = ura x IiaterO 
YD =—wW = A OC efFTSOAWNHe 
Us pom tf Wt wl eK HO 
Sa~ FC = RE PRN 0A 
w © <x ~ afew OTK oct 
Z2Zawazkti nN Deter O = TT 
-—- oO = = BOWS Pm mm 
- >= nN + < ete tf et 
> Ye ~ YX SOZLT MOw~erz= 
fom) — = ee WHOM SKINNG 
Ze vqgre & SaZOw EK Rw 
Q@mg w-Zz < at wIezteZeCBZTOAISY 
22 TO FS & CwOowqgq est «a 
WwW KO KX K ACU RPOUXZeE 
ANIM PU 
VY YVYUOVOOULUOU YQVOU 


STOMDOPODANMSNO 
PPP Oorronnnwde 
WVODOVSOSVONONDN0NO 
lol elelelolololololololol~) 
aqaaaacooaaa004 


NIMNNAANNNNNNNN 
DOOCOVSO TIOCOVOVoO 
VETSTTZOOZTZZTZZT 


w 
e 
* 
cd 
= 
N 
* 
* 
PORES 
aw as 
Me =< 
ot = 
M+ x< 
—_ 
On ~ 
mite b § 
mitt a 
Na wz 
<= <= 
4 
= oe Ww 
Cr) =x 
oe = 
=O 
> a) z 
wwe rt 
mn 
xix fom) 
<i Ww 
ae wz 
+x =) 
N= = 
zN N= 
+> - 
ed [on > 2 
Am + = 2x 
=X~n -—-x Au 
et AX ae 
mate FI OX 
eam eK Le 
ZOes> * FZ 
wav eZ De 
Zw eztZze az 
Map eh FT & 
ax< e>Z=z Ox 
= 2/0 SS OF 
~ Yen za> ade 
ee Yew ete 2X 
—> Ilene We 
- Kex<=>=zt ww 
— ef te ext Oe 
~—~ N~Xn~>xx = 
MY Ixx cor wa 
~ —wleeNw x =~ 
Oo <NS — 


OAT #HAVOMNO 
DOH #00 
000 #DVDOO 
ooo *¥000°0 
aaqa #A20,.00 


IN THE ARRAY XHKKM1 
Pp 
V 
( 
( 
G 


+1/K) HAS BEEN COMPUTED AND STORED 
M 
2 
S 


<CWMNCOr>O 
Nm 


S) Ovo LY 


ne em ge ee 


(4)5V04),SIGV(4), 


4) 
W, LESTyNDyNR 


Nn on 


POKNMAPHNOHPODO ANN SNOMPDHOKHNMNTUNEOrD NOPOKOANM 
TU ALAAALALA OO DOD QDDOQOKOEIE EEE OEFFaDn NMAMMNS ITS 
rersrrereyrrsrrersrsr rrr rors OOQOUOODOO 
lolololololololwlololololelolelqlolololololololololololelolololo mm olololololololol~) 
aaagaaagaagaaaadaaganaanaaaagaaoaaaa a2400000.20 
ANNANNNNNMNNNNNNNNNNNNNNNNNNNNNNNMNY AnNNNNNNMNM 
VQVOQVOVVVOVOUVOOVO OOO OVVOVOOOTVOOHO YVOOYVOOOYYO 
TPTTTTTTTSTLSAT TT TTT TITTATFTFIZZAOZATSA TTFTTTTA=ET 


THEORETICAL COVARIANCES OF ESTIMATION ERROR 


- z 

= o 

tl at 

= ui] 

it or] 

or co 

Lad - 

- x 

< - 

~ bec 

ba = 

co — 

— — 

~ 2) 

”n 4 

4 4 

< = x = 

ad — 

= = 

- «t= _-— a= - 
“Oo WO 0 Oo Ne 0 
nr Zt St HN ZO 2t 
= o- — on -_ 
— ee He et om -— se mt & 
ao 1O no OO HO HO 
Om Maw meer we YS He 
wi asta ta 
RE We Oe F&F OF OF 
— ~ — _ ~ 
een ur Of f& OA OX 
ZF AZ OF TF OF AF 
oO °o 

w oO 

YOU YL oOo YY =) 


Lt eed 
one 
WALLY 
md red 

eee 


000 


_—— 


Will 
——— 
a 


ee 


QOUY 


52 


1yN 
9154) Ky loXM(LaTaK) sERR( Lol oK) yVARC Ly 1 pK) 


WRITE (6,156) 


Wo 


VARIANCE MATRIX IS'y/) 
E 
) 
T 
) 


Omrae 


~ tiexcoa 4 
NeaekeN Tew 
-uwtwYedze 
Q~w KK ONW wa 
Ra OOOke ZH 
Ive We oO -OF 
Om el wake 
—- Xxx >he 
NEF=O OC5ck eo 
DS nse Or 
maZ eI “Oe —O 
UNV bm me Se Net LL 
Det we OO oe 
NOOM aM & @ WwW 
= — ><a ZX 
We eO seuUctwZa 
axle we >Wwoo 
Or ll tte Seae 
meNe YSYeF ee 
Ox &= we Ne & We a 
U\Ne <x ewe we ew eo 
mw XIN 
aeDe HN RNE See 
NO ewe we ers 
~ wo WwW 
neh peed bee el el eh te ad 
Waidad<add ec « 
Lt Se > > > > ee 2b ae] 
Lael * 4° 0 ae 40 4e Ae Al ale 49) 
COWQOVO900rFOrF 
BuUUUUUU bh 
—_ — 
OEFaDnoen 
TET POWOWN WY 
te et me Cel 


RNS Se a Pt 


OS Se 


TOOK DO 
to99r 
WVDVOOO 
20000 
Qaaaa 
ANNMNM 
VQVOVLOO 
=Z=ZLT= 


ERROR MATRIX IS*,//) 


AMPLE COVARIANCE OF EST. 


Ne 


13 ,13X_11,10X,1PE1%. 7,206X,1PE14-7)) 


% DOM + 
+ ODDDO 
%# DDOOWO 
*# COSCSO 
#aaoqo0ao 
MNNNANN 
DovrrorTt 
VEZZOOZOO 


G 
c 
R 
S 
, 
E 
= NCISY*/ 


K 
4 
( 
6 
4 
4 
: 
SQUARE 


wep ey HOO 
Qa etOnt~r- 
z=r~~orI~ee 
—T e wt & 
mee apes ex 
om ©OVem 
pay le ae 
owe ela 
epurgocor 
meres © Ox) - 
© eV Paes ae UJ 
rraawter N =D 
owt ewmZz CO NMA 
mOWIMR KSLORN Caw 
xX eo eX O SO0O0CM 
QA OI Ht % OK Il 
ape oP XNIENO~L 
SC ots & ee RAIN ox 
ef © ef een re 
zepywf—m ems elN 
>Oweww NWO INQ = 
O ese ZOWANOM 
RPUra Yi dteeww OF 
a et EOQWwNRKHOOwew~ww 
At tt © ef oer A Ww 
STR men oleae xKwY 
Wis— "OSS & Qe 
ZatewmO eeror 22-4 
ge aps ata eet OW 
Sa ede I ial 9 Son 
Sez Nww SWTNID 
O# Ow TAINNTIO# S>H 
CjZOw zh YW IS 


FILTER, 


+t = 


CaxeeterondtseseczodtZeaztoa 
OCQOVUCOW ZywowadeTr eZweGQu 
UL UU Ue Lh, OL LU IO Le UI KE TOW 


TNO a 
Vaal alral a) 
re hem ten kon kane 


ANON PUVO 


wee +H OF aon 
Ht tHe Do 
+t tH oo 
ete HH oo 
+t HH & oo 
NN NN ON NN 
=r rt st aa at 
OO OO O VO 

_ 

4 

Oo 

= 

jo) 

Oo 

oO 

e 

— 

oO 

e 

- 

- 

ax 

_- - - 

a om 

- —— Ld bad 

“x wx [a4 ina) 

= . _— ° ~ 

° ao Mo fee] ”n 

CY od ere -_ x“ 

= — eS _ x 

C= - wae ~ a 

” a cen a t 

aeZ - £ez ~ - 

~w - Wl & - a 

Ca a Q +€4+0a a 

a> <x _ -——> < -« 

“LS Daee > a ae . . 

Zz a<x<x«Ka ome me So Nw 

- Yx~x~x ONO we) ~_ 

- Ze —Z + ow —- OW 

te el =a Q eso. a ox 

> SO =~ = 4 

AetetetS | il OWS |MNMONNTOMG 

Vv ty mci ase Wwe KIH Ha 

Wade er OS + ~=—O Wt QL, ome CD am “5 /) 


Pats =aieg sam NN WO 
aP>QaRCANZNYY SReww NEY wer er NS 
Oalr2> § ww 200 ww OOYO ~ 
OF 24MOXKOAATOrF- SOO Od eee OW 
te tt et Pt) OK et OK et et Oe 


Oo 9° = 
"sn =) wy 
w 


Sandner 


incre ts 


Om NMPHNO-D ANOPOADOEODHOANMTNOMO 
DH AAHHRAARAD ADADAARARHROCOCOCOSCOCSO 
oo Qoocoo°oo TIT PET ETT OMMOMNMOAT 
lolo Mme lololelojlole) lololelejlololeloleolololoelelalol~loleo) 
elo el ololololol=) agdagaaanagaaaaadaqda 
NN NNNNNNN NANNNNNNNNNNNLINMMY | 
Es Se SS te wap ase al adie ee STS SS [SSS [SSS SSS SSS [S/S) | 
OO YWOULKUOYO be i> i> > i> > > > > > Se E> E> > > > > | 
— 
| wit 
' x=rIt 
ee 
- + t 
= ee 
| - NN 
j = ——w 
- ae 
’ fon) ot ot ey 
{ ro NWN be Jer’ 
@ (0) ~~ -* 
a! ~ om Sel BD | 
H ” ae de - 
| =x ow —— 
| =< mn ——w 
| a -* mn 
bi ' onteat <>< 
B | — ——~ > + 
| car) nn ee 
j al <M NO 
' Lond <x baad 
3 - wa — 
| ~ +) =e 
~ ee << 
” NN +H 
=~” ws —— 
Oo = —_ aa 
oOo a4 =—— —— 
4 o~ er er Pl 22 ~ 
on ee “om fea) ~ 
o- mam MNGD ~ [0] 
q - 70 on eHe w to 
i) os Maw >>~a . aw - a 
+ om —~— om NW @« [oa] oO °o ~ 
4 -~ +O Nx 1 +a = ie} Oo - 
ake MUN & b> _ = = oO 
i ~_~- a ae OW— Cd ol © =a = 
: ma nO Aa i Mel a - = a) 
14 = ~O ++” © <2 ~ N = jon] 
a am x mom on ee —— o ~ (a | - . o 
~a- 7 77WHO eo <x © a ° o am 
ve YW £#S © eICWNNN eH < N . ~ 
3 < oe — mth Ot HY ex Sam - < ~ ba | — 
$3 x~ NE er AWN ane ayvu co) a= cl =e a . | 
oe aq =~) am © 6 ohne ww NYY) oo Ne} oat e I= —«—e Ww 
oy WS tmt wero H HO NYANSZanH ~ Sole) uw Nm OFWmW 2 i 
4 —- m0 NNSTNH ANU CQOw ee eww ~=z ae & 2H HM ° 
7 wRWQ SMe ewerenOITIN OOANADIDM a ae ° = = eS Son YJ 
4 = £liO LM NKR § HH ZI wwe se To A a ee oe |) me «© A 
ah Se Rm OWO. Om NN a << ICL eKHMO Tt at WW " " ooV9e > 
eDN~ODwe~— OO S~~ ti Ne KKN NCH He A mw DOD SH we 
g AZ eNeZNN Hee Ze QO INR OQ—aaa oO a 
2 ~—SODOH XK SPWIMY oD am CO58RAETN AN HSE KF ~~ ™ OF Ww we 
A WENN Eee MOY te INNS eer wr OM eS DO OO OX RES r = 
’ SSWewZ900—ci Wo ii i—— ~~ (OUsous ~ — ie 
Y~OLUWLOMMHYCOK SR Rr ORMaadtOOakkeedke-aOO YW Oo OO OA ade Lh 
| BORK SF ONM ELM A ONO XK KROOOK See OX = CO A AY FOT™ 
Lan) o oO aN i>) Lams w oO ~~ oO 
- and rT Oo o “0 Oo 2 oO 


~ N N 


WY Ooo YO WY oO 


c 


DOSANALNOMOAOKNALNOEDDOSNM NOE DDROANMSNOEOD Oe DOr 
On St tS SIN NNDNNNNNNMOMM MMMM SN 
Valalatalalal ala alalalalal giolalalalal al alata a) SM al al al al alararal ala Sl abel a) Sam al Ammon ok °] 
j lololololololololololelolololololololololelololomololololololololslelololololom~- mew ii —) 
angaaagaaaaaaaanaoaaagaaaaaaa aagaaadadaadaaaaaad aad aaa 
NNNNNNNNANNNNNNNNNINNANNNANNNANNNNNNNANNNNMMNY NM NMM 
QOVOVQVOVVO UV OU TOO VOVOVVOUV TOOVOVVOOOVOVOOVYOLYO YY YOY 
SETTLE TTTTTETTTOCALT TETAS TT TOTLTTTTTSTLTTETIFTET FEF FZET 


as 
. & = 
-—<e 
= =x 
Me 
we 
em 
YyY > 
> 
-_- 
_—_ 
{ — woe : 
ene ¥ 
5 akan] & 
f — oo oe 
; «= + ~— ~~ -~ oO -~ —=_ & F 
=) f= o ~- oO «2 jo] + we E- 
. . - - om ¥ 
=z {=} = eo = @ = m4 | 
<= Lad <a - tt Led << _— a 
”n ”n n 7A) ort % 
- z o =z Oo z jes) tee — =O 
> 4 ° oO - (a>) - - o = - —e 
- am - a x am =< Qa ~—s 
—_ ~- x ~ -_ - ~- = . > e x~a 
~ —_ . om al — on ol —_ on ~~ Ww 
=— a . == a . ze a ° ze a oat 
qe xX qe x= WwW Ia axe Ww IM xX ~ ef6 
NN OWO 2 Neat OMe 2 Ym OK~N ZZ N= Own Om eee 
za2xwn 9 * 22~n ON OO © 2264 nn O * ZBzen 0 We <x 
~ eS ete ee © oS MO Fr KO Oe —-) ARANNN 
2 ool Mn Bo Pad He ee Ot i Ott oe tee 
it it woo a " ooo a i " woo a tt L] wovw O~~~ 
ae | ee a ee | i a | a 
= a n 7) az RReEE 
DGD Om WW Se OM N@m ww De oO Dem YD we BD Om WwW Ws Wetadd 
~- OX Bae ew ™ EX Reker SE BY RS Re Se EE BEX RS er FEES 
—_— ja — =e — Se — Set 
0 CQ wae uw OC OA Ade uw oO OO €tae &wY CO OCA CAXKXO COOOO 
Q 90> BuoF “= COC AY FOB KH A OY FOZTFMK OC OY BOBO SULUUW 
on on N a + w oOo o no WUDO 
wo y~> ~ ~ ~~ Led - ~ ~o valtatvehe} 


(E} ddd 


1000" 
1000° T000° 
1000° 
T000° 1T000° 
4 (Z)uYud 
4 1000° 
TO00° 1000° 
1000° 
1000° T000° 
| (1) uYud 
T000° 
t 1000° T000° 
a 1000° 
4 T000° T000° 
IW yd 
q o°l 
j S°0 
‘ o°t 
S°0 
y vw) 
To00° 
T000° 
i MADD 
T000°0 
) 
o°T 
H 
o°T 
o°T ort 
O°t 
ort o°t 
IHd : 
LidI 1vdT 
ON 
% T 09 z T ¥ 
UN SNIN WVSN NI W N 


SSSSSSSSSSSNIID VIVASSSSSFSSSSSS 
*x QO NISAS*O9// 


W Coy PSA Co* TT ed AINV 
W Coy SSA Ce fth Ss) X— Ce fT 


i 
" 


19999T00°0- 
19999T00°O 


19999T00°0- 
19999T00°0 


WSS a 


GSSSGSSO°- 
aoe - Sx 
ZAMULNVANI -— SX 


peas - SX 


°0 E€EEL°O 
13af -— SX 
SSSSSSS0°- 
YaLdODI ISH -— ZIVHX 


“Or 
CAMLNVINI -— Z1LVHX 


TAYLNVINI - ZLVHX 


Oot EEEE°O 
Lar - Z1LVHX 
TOOO° 
TOOO°* 
1000° 
TOOO” 


a ny 


°21 
"Ol 


“2% 
“Ol 


10° 
ASTS 


T000° 
TO000° 


a ee 


2. 


LIST OF REFERENCES 


Dittmar, C. Az: . our., The Application of Extended 
Kalman Filtering to the Position Locating Reporting 


System {PLRS), MSEE Thesis, Naval Postgraduate School, 
Monterey, California, 1975. 


Sorenson, qe Wey "Kalman Piltering Techniques," 


Advanced Control System, Vol. 3,Chapter 5, 1966. 


1. 


INITIAL DISTRIBUTION 


Chairman, Code 62 1 
Department of Electrical Engineering 

Naval Postgraduate School 

Monterey, California 93940 


Library, Code 0212 fa 
Naval Postgraduate School 
Monterey, California 93940 


Dr. H. A. Titus, Code 62Ts 2 
Department of Electrical Engineering 

Naval Postgraduate School 

Monterey, California 93940 


Capt. Bernard de Mahy, Jr. 2 
ist MAW 
FPO San Francisco, California 96602 


Defense Documentation Center 2 
Cameron Station 
Alexandria, Virginia 22314 


7 “a 
& 
« 


